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A B S T R A C T
Pain assessment poses a great challenge for clinicians in intensive care units. This descriptive study aimed to find the most reliable, sensitive, and valid tool for assessing pain. The researcher and a nurse simultaneously assessed 47 nonverbal patients receiving mechanical ventilation in the intensive care unit by using 3 tools: the Behavioral Pain Scale (BPS), the Critical-Care Pain Observation Tool (CPOT), and the adult Nonverbal Pain Scale (NVPS) before, during, and after turning and suctioning. All tools were found to be reliable and valid (Cronbach = 0.95 for both the BPS and the CPOT, = 0.86 for the NVPS), and all subscales of both the BPS and CPOT were highly sensitive for assessing pain (P < .001). The NVPS physiology (P = .21) and respiratory (P = .16) subscales were not sensitive for assessing pain. The BPS was the most reliable, valid, and sensitive tool, with the CPOT considered an appropriate alternative tool for assessing pain. The NVPS is not recommended because of its inconsistent psychometric properties. Keywords: pain, pain assessment tools, turning, suctioning, BPS, CPOT, NVPS Because inadequately managed pain can cause many adverse physiological effects and undesirable consequences, it is important to investigate the reliability and validity of the existing nonverbal pain assessment tools such as the Behavioral Pain Scale (BPS), the Adult Nonverbal Pain Scale (NVPS), and the Critical Care Pain Observation Tool (CPOT) in order to assess pain optimally in critically ill nonverbal patients.
Setting and Design
Setting
The study was conducted in the medical, surgical, and cardiac ICUs at King Fahd University Hospital in Al Khobar, Kingdom of Saudi Arabia. King Fahd University Hospital is one of the major health care centers in the Kingdom of Saudi Arabia with 600 beds. It includes 14 ICU beds with 6 beds and 1 isolation room each in the surgical and medical ICUs. The surgical ICU provides care to neurosurgical, trauma, and critically ill surgical patients. The medical ICU receives patients with respiratory disorders such as pneumonia, respiratory failure, and chronic obstructive pulmonary disease, as well as gastrointestinal and nontrauma neurological cases. The cardiac ICU is a 10-bed unit, providing care and monitoring for critically ill cardiac patients such as those with heart failure or coronary artery diseases and after open heart surgeries and percutaneous cardiac interventions.
The study was approved by the local committee of biomedical ethics at Dammam University and King Fahd University Hospital. Informed consent was obtained from each patient's first-degree relatives during the hospital's visiting hours.
Design
A descriptive research design was used for this study, and a convenience sample of ICU patients was recruited during a 3-month period, from January 2014 through March 2014. The sample included all patients undergoing mechanical ventilation who were unable to self-report pain, were more than 18 years old, and whose condition was hemo dynamically stable. Patients receiving neuromuscular blockers and patients who were quadriplegic, exhibited brain death, or had conditions that mask behaviors or facial expressions were excluded from the study.
Tools
A data collection tool was designed to document demographic and medical data, including age; sex; medical diagnosis; score on the Ramsay Sedation Scale; score on the Glasgow Coma Scale (GCS); hemodynamic data; onset, duration, and setting of mechanical ventilation; analgesic and sedative agents; and score on the Acute Physiology and Chronic Health Evaluation II (APACHE II).
The reliability, validity, and sensitivity of 3 pain assessment tools (BPS, CPOT, and NVPS) were studied.
BPS. The BPS was developed by Payen et al 6 to assess pain in patients who were sedated or receiving mechanical ventilation. The BPS contains 3 behavioral domains: Facial Expression, Upper Limb Movement, and Compliance With the Ventilator. Each domain is rated from 1 to 4. The minimum score is 3, indicating no pain, and the maximum is 12, indicating the worst pain. The Facial Expression domain was based on a study by Prkachin, 7 who divided the painful facial expressions into 4 categories: brow lowering, orbit tightening, closing of the eyelids, and nose wrinkling/upper lip rising. The other domains were adopted from the COMFORT scale used to assess distressed children in the ICU. 8 CPOT. The CPOT was developed and validated by Gélinas et al. 9 It has 4 subscales, each rated on a 3-point Likert scale from 0 to 2, with a total score ranging from 0 to 8. The subscales are Facial Expression, Body Movement, Muscle Tension, and Compliance With the Ventilator or Vocalization for Extubated Patients. 9 Each domain of the CPOT has an operational definition to facilitate objective rating. Gélinas et al 9 note that some subscales and their related descriptions were derived from previously established pain assessment tools such as the BPS and the COMFORT scale, 8, 10 whereas other indicators were established on the basis of a retrospective review of medical records, interviews, and focus groups with nurses and physicians to determine the most frequent pain indicators in critically ill patients. 9 NVPS. The NVPS was developed at Strong Memorial Hospital/University of Rochester, validated initially by Odhner et al 11 and revised by Kabes et al. 12 The scale was based on the Faces, Legs, Activity, Cry, Consolability (FLACC) scale after some behavioral indicators that are specific to children, such as cry and consolability, were eliminated. 13 The NVPS consists of 3 behavioral and 2 physiological domains with specific descriptions and definitions. Published evidence regarding the process of selection of these domains is insufficient. 14 The behavioral component consists of Face, Activity/movement, Guarding, and the physiological indicators include Physiology/vital signs and Respiratory. The physiological indicators are described as any change in the past 4 hours of more than 20 mm Hg in systolic blood pressure or more than 20 beats per minute in heart rate, and respiratory indicators as a change of more than 10 breaths per minute above baseline or a 5% decrease in oxygen saturation as measured by pulse oximetry. 12 Before the start of data collection, a teaching and training session was given individually to each primary ICU nurse who was responsible for each study patient. Twenty ICU nurses were involved during the study period. The duration of the teaching session was based on the individual nurse's needs, with a mean duration of 30 minutes. Teaching strategies included oral discussion regarding the impact of pain on critical illness, description of the aim of the study, and explanation of the components of each pain assessment tool. The oral discussion was supported with figures of facial pain expression that were inspired from Prkachin and used by the authors of the BPS and the CPOT. 6, 7, 9 Furthermore, the published figures for BPS by Chanques et al 15 were used as supportive educational tools to clarify the other subscales of the BPS. The published guidelines for the CPOT with the facial figures in the study by Gélinas et al 16 also were used during the teaching session. The operational definitions of the NVPS were explored in relation to the author's description in the revalidated version of the scale. 12 A trial of practical performance of pain assessment at rest by using the 3 assessment tools was included in the teaching session to clarify any knowledge defects that could affect the accuracy of the assessment.
Methods
Each patient was assessed for pain at 5 measurement points: at rest (baseline) before the first procedure, during suctioning, 20 minutes after suctioning, during turning, and 20 minutes after turning. Each patient was exposed only once to these 5 measurement points that included both turning and suctioning. Both nociceptive procedures were performed only if the patient's care required them, with an interval of at least 30 minutes between them. The 3 pain assessment tools were continuously used throughout the 5 measurement points by both the researcher and the ICU bedside nurse simultaneously, without any communication between them. Both assessors had identical, but separate forms that contained the printed scales, with consistent use in the following order: NVPS, CPOT, and BPS. The hemodynamic data and analgesic or sedative agents used were recorded at each point of the assessment.
Statistics
SPSS version 19 (SPSS Inc) was used for data analysis of descriptive and inferential statistics.
The reliability value (r) for each tool was obtained from the Pearson correlation test. 17 The interclass correlation coefficient (ICC), defined as the r value, was used to examine the reliability of the subscales of each tool in all measurement points across the 2 raters. Validity was established by calculating the Cronbach to determine internal consistency. The Student t test was used to examine the sensitivity of each pain assessment tool. 18 Each tool and its items were evaluated for responsiveness, which is manifested by the ability of the tool to respond to minor changes in the pain level over time. Responsiveness is calculated by the effect size coefficient; first find the difference between the mean score at rest and the score during the painful procedure, and then divide that difference by the standard deviation at rest. The effect size is considered small when it is less than 0.2, moderate when it is near 0.5, and large when it is more than 0.8. 19 Principal-factor analysis was used to evaluate the scale dimension, by identifying the large contributing factors to overall pain scores. 20 All results were considered significant when P was less than .05 and highly significant when P was less than .001.
Results
Demographics
Forty-seven patients from the medical, surgical, and coronary ICUs at King Fahd University Hospital who were receiving mechanical ventilation were recruited to the study. Most of the patients (49%) were recruited from the surgical ICU (Table 1) . Patients assessed within 24 hours of intubation constituted 15% of the study sample, 21% of patients were assessed for pain during the first 24 to 48 hours, whereas 64% of patients were assessed more than 48 hours after mechanical ventilation was started.
With regard to the analgesic and sedative agents used in this study, it was noted that 19 patients (40%) were not receiving any sedative or analgesic agents; however, these 19 patients had a mean (SD) score on the GCS of 6.94 (2.09). A total of 28 patients (60%) were receiving a variety of agents that were administered as continuous infusions only, with most (40%) receiving a combination of fentanyl and midazolam infusions. The patients' consciousness level (GCS scores) were from 3 to 11 with a mean (SD) score of 6.38 (2.6) on the GCS and a mean (SD) score of 4.77 (1.2) on the Ramsay Sedation Scale (Table 1) . Unconscious patients who scored 5 to 6 on the Ramsay Sedation Scale constituted 64% of the study sample.
Pain Assessment
All 3 nonverbal pain assessment tools were adequately reliable and valid with both Cronbach and r values greater than 0.85 ( Table 2) .
BPS. The sensitivity of the BPS to the presence of pain was established by a significant increase in the mean pain scores during suctioning and turning (P < .001). These significant differences in the scores indicate that the tool and its components are a valid instrument to measure pain. In addition, the BPS was adequately responsive to minor changes in pain level over the period of measurement points ( The correlation matrix of the BPS components was positively correlated at P less than .001. The principal contributing factor to pain was the Facial Expression subscale with an r of 0.84, while the Compliance With the Ventilator was the lowest contributing subscale (r = 0.70; Table 4 ).
CPOT. The CPOT and its subscales were highly sensitive (P < .001), with variable responsiveness to pain, ranging from moderate to large ( Compliance With the Ventilator. The Muscle Tension subscale showed weak ICC during suctioning and lower agreement across other measurement points. The Facial Expression subscale was the principal contributing factor to overall pain scores with a coefficient weight (r) of 0.80, and the Muscle Tension subscale was the least sensitive and lowest contributing factor to overall pain scores across all measurement points (r = 0.65; Table 6 ).
NPVS. The psychometric properties of the NVPS subscales were variable. Inconsistent sensitivity and responsiveness were found in the Physiology and Respiratory subscales during turning and suctioning ( Table 7) . The Cronbach and r values were 0.86, which is lower than the values for the other 2 tools. The ICC for all subscales ranged from 0.85 to 0.95 across all measurement points. The lowest ICC agreement was found in the Facial Expression subscale during suctioning, with an r value of 0.72. The principal contributing factor was the facial expression with an r value of 0.87. The Physiology and Respiratory subscales were inadequately contributing to pain scores (r = 0.36) and correlated poorly with the principal contributing factor (Facial Expression), with r values of 0.05 and 0.01, respectively (Table 8) .
When the psychometric properties of the 3 pain assessment tools were compared,
Behavioral Pain Scale Subscales
Facial expression
Upper limb movement Table 2 ).
Compliance with ventilator
Discussion
In this study, evaluation of 3 nonverbal pain assessment tools (BPS, CPOT, and NPVS) was undertaken to determine the most sensitive, reliable, and valid tool for measuring pain in patients receiving mechanical ventilation. evaluated the CPOT in 96 patients receiving mechanical ventilation by assessing pain before, during, and after turning. They reported results similar to ours in terms of reliability and validity. Unlike our results, Keane 3 reported a low reliability value of the tool and low interrater reliability in a study of 21 patients after open heart surgery. This discrepancy could be due to the difference in sample size; limited patient characteristics because the study participants were only patients who had undergone heart surgery; and the study design, which included 3 assessment points: on arrival from the operating room, during mechanical ventilation, and after extubation. 3 
Psychometric Properties of the NVPS
When examining the psychometric properties of the NVPS, the tool showed satisfactory validity and reliability, but to a lesser extent than the previous tools. The Physiology and Respiratory subscales showed poor psychometric properties, with weak contributions to the overall pain scores. Their described definitions were not achieved by most of the study patients during nociceptive procedures, even when other subscales were scored the maximum 2 out of 2. Additionally, these subscales were not sensitive for detecting pain, with narrow responsiveness. This observation has not been reported in any previous studies that validated the NVPS; however, Li et al 23 argued that the descriptions in these subscales were not justified or supported by evidence that explained these changes in hemodynamic ranges.
Although the NVPS was sensitive and responsive, most subscales showed moderate to small effect size. This variable responsiveness could affect the utility of the tool for detecting changes in pain in different clinical settings.
(0.95) and ICCs of at least 0.80 for all subscales, except for the subscale of Facial Expression, which showed lower agreement during suctioning (r = 0.77). These results are consistent with the work of Payen et al, who developed and validated the BPS in a sample of 30 critically ill sedated patients by exposing the patients to nociceptive procedures (suction, turning) and procedures that were not nociceptive. Payen et al 6 used a test to measure the degree of agreement between raters and found a statistically significant P value less than .01. Ahlers et al 21 reported similar results when the BPS was evaluated in 49 conscious sedated and 126 unconscious sedated nonverbal patients. That study demonstrated a good internal consistency of the BPS, with a Cronbach of 0.63 for the conscious patients and 0.66 for the unconscious patients. The interrater reliability in the study by Ahlers et al 21 was excellent according to the value. However, the results obtained in our study reflect a higher Cronbach value than reported in other studies; this difference could be due to the difference in the sample size, as well as the frequency of measurement in each patient and the number of assessors. Payen et al 6 assessed pain 3 times in each patient and involved 46 registered nurses during the time frame of their study, whereas in our study, 20 trained assessors assessed the pain in all patients in the study.
Psychometric Properties of the CPOT
In this study, the CPOT was adequately reliable, valid, and sensitive but showed variable responsiveness. Variable responsiveness may result in significant changes in patients' pain severity level before the changes are manifested in the CPOT score. Vazquez et al 22 4 Vranic et al 24 reported contrary results in a study evaluating the NVPS and CPOT in 66 neurosurgical patients. They reported low and weak interrater reliability of the NVPS scale. Although the NVPS showed statistically significant results in their study in terms of sensitivity, the internal consistency as indicated by Cronbach was weak to moderate. 24 
Nonverbal Pain Scale Subscale
Comparison of Psychometric Properties Among the 3 Pain Assessment Tools and Subscales
When examining the subscales of the BPS, all components were highly sensitive during both nociceptive procedures, making them valid behavioral indicators in pain assessment in nonverbal patients. The third component of the BPS, Compliance With the Ventilator, has similar descriptions in its parallel in the CPOT subscale labeled as Compliance With the Ventilator. In both tools, this subscale was less responsive among the 2 raters. The study by Payen et al 6 yielded similar results; they found this subscale to have the smallest weight of contribution to pain scores. It is unknown whether the mode of ventilation affects the degree of responsiveness and contribution.
In our study, the Muscle Tension subscale of the CPOT was identified as the weakest component in terms of all psychometric properties. When comparing this scale with its parallel in the NVPS, labeled Guarding, the NVPS subscale also showed a lower degree of responsiveness but satisfactory agreement among raters. However, in both tools, this subscale contains a general description and common words such as tense, very tense, and rigid. Evaluation of this behavioral indicator implies a subjective property, and it is unknown how ICU nurses would define and quantify these terms. Marmo and Fowler 4 also reported the same observation when comparing the CPOT and NVPS; however, they considered the operational definitions of the Muscle Tension subscale in the CPOT to be more specific and reliable than was Guarding in the NVPS.
When evaluating the 3 assessment tools that were used in our study, we found the BPS to be the most valid, reliable, and sensitive tool to be used appropriately in our ICUs, followed by the CPOT, which can be an alternative to the BPS because it showed excellent psychometric properties despite the presence of 1 weak subscale (Muscle Tension). The NVPS was a weaker tool than the BPS and CPOT in terms of all psychometric properties. Systematic reviews of the nonverbal pain assessment tools have been published. Barr et al 25 critically analyzed the pain, agitation, and delirium guidelines that were established by the Society of Critical Care Medicine and ranked these recommendations on the basis of the quality of the existing evidence. Those authors considered a scale as appropriate for clinical use when it has moderate to very good psychometric properties with a weighted score of more than 12 points. They concluded that both the CPOT and the BPS have moderate psychometric properties and that they are the most valid and reliable scales for pain assessment in variable ICU populations except in patients with brain injury and motor dysfunction. The NVPS was reported to have very low psychometric properties. 25 Clade 14 systematically reviewed and evaluated all pain assessment tools including the BPS, CPOT, and NVPS and reported findings similar to our results. The BPS was identified as the most valid among other tools, as it was tested in mixed clinical settings. Clade further reported the CPOT as a promising tool in pain assessment. However, Clade 14 argued that the author of the tool did not examine the factor analysis adequately to test the structure of the entire tool, that the studies undertaken to evaluate the NVPS were inadequate, and that the design used by the authors was generally weak.
Few reports of comparative studies that combine these 3 tools have been published. 26 In a recent study, Chanques et al 26 compared the BPS/BPS-NI (for nonintubated patients), the CPOT, and the NVPS. The psychometric properties of these tools were explored in terms of validity, interrater reliability, responsiveness, and feasibility during turning and endotracheal suctioning. The study involved 30 nonverbal medical ICU patients who were either delirious, sedated, or receiving mechanical ventilation. The BPS and CPOT were deemed as superior to the NVPS. Furthermore, the BPS had higher responsiveness than did the CPOT, and the NVPS showed limited responsiveness. The BPS was reported as more feasible for use in clinical practice settings. However, the CPOT and the BPS were considered adequately applicable in both nonverbal intubated and nonintubated adults. 26 Marmo and Fowler 4 reported results similar to ours: when the CPOT and NVPS were compared, the CPOT showed higher agreement and higher psychometric properties. They concluded that the CPOT was more appropriate than the NVPS for assessing pain in nonverbal ICU patients. 4 
Limitations of the Study
The major limitation of the current study is the small sample size of ICU patients with multiple diagnoses. In addition, further data are needed to investigate the association between those pain scores and the doses of analgesic agents used in order to establish the optimal analgesic doses for appropriate pain management in this sample of ICU patients.
Conclusion and Recommendations
The BPS was the most valid and appropriate tool in pain assessment in nonverbal ICU patients, with the CPOT considered an appropriate alternative. The NVPS is not appropriate as a pain assessment tool because of its inconsistent psychometric properties. Routine procedures such as turning and suctioning were painful to all patients in this study, regardless of the presence of an analgesic infusion. Therefore, repetitive exposure to these painful procedures could expose patients to the complications of unrelieved pain. We recommend not excluding the possible presence of pain in those ICU patients who cannot self-report, especially in challenging patients with neurological disorders. Nurses are in the best position to assess patients' behaviors during their ICU stay. Pain assessment and management are based on the principle of beneficence that entitles nurses to provide sensitive and empathetic care to patients who cannot verbalize their pain and needs. These principles cannot be attained without the use of a valid and reliable assessment tool. ICU nurses must be adequately educated and trained to assess pain using behavioral indicators in nonverbal patients by using recommended pain assessment tools. Further research is warranted to examine the BPS and CPOT in different clinical settings in a larger sample.
